Daily patterns of activity were studied under laboratory conditions in 12 coruros, Spalacopus cyanus, subterranean social rodents originally from Chile. When able to burrow, coruros spent 90% of the total time underground, and surface activity occurred during the 1st hours of darkness. When prevented from burrowing, locomotory activity of coruro groups peaked near the onset of darkness but also occurred during episodes of light. Individually housed coruros displayed a clear nocturnal activity pattern. Coruros exhibited endogenous circadian rhythms entrained by a light-dark cycle.
Subterranean mammals are burrowing mammals that live, find food, and reproduce almost exclusively underground. One of the most interesting aspects of their biology is the temporal orientation and structuring of behavioral activity in a stable, dark environment (Burda et al. 1990; Nevo 1979 Nevo , 1990 . Considering the stability of the environment, constant availability of plant food, darkness underground, and poor sight or even blindness, one might expect that herbivorous subterranean rodents would not exhibit distinct circadian activity or sleeping patterns. Indeed, field and laboratory studies on American pocket gophers (Geomyidae: Geomys bursarius- Vaughan and Hansen 1961; Thomomys bottae-Gettinger 1984) and African mole rats (Bathyergidae: Heliophobius argenteocinereus-Jarvis 1973; Cryptomys hottentotus -Bennett 1992 , Hickman 1980 Heterocephalus glaber-Davis-Walton and Sherman 1994) have revealed dispersed activity occurring throughout the 24 h, i.e., * Correspondent: sabine.begall@uni-essen.de arhythmicity and lack of distinct sleep-wake cycles. Interestingly, there are 3 other species of subterranean mole rats that show predominantly diurnal activity, exhibiting endogenous circadian activity rhythms that are free-running in constant darkness and are entrained by light-dark cycles. These are the east-Mediterranean blind mole rat (Spalacidae: Spalax ehrenbergi-Ben-Shlomo et al. 1995; Pevet et al. 1984; Rado et al. 1991) , the Cape mole rat (Bathyergidae: Georychus capensis- Lovegrove and Muir 1996; Lovegrove and Papenfus 1995) , and the Kalahari mole rat (Bathyergidae: Cryptomys damarensis- Lovegrove et al. 1993) . There is no apparent correlation between circadian activity pattern and (non)seasonality of breeding or social and mating systems. Further studies of activity patterns in other species of rodents that have adopted a subterranean mode of life are needed to identify both ultimate factors that maintain rhythmicity in such a constant environment and proximate factors causing entrainment in nature.
Little is known of behavioral ecology in South American subterranean rodents, ctenomyids and octodontids. The family Octodontidae, particularly the subfamily Octodontinae, is unique, because it includes highly adapted burrowing rodents such as the coruro (Spalacopus cyanus), as well as surface-dwelling forms such as the degu (Octodon degu). The degu has been reported to be diurnal (Redford and Eisenberg 1992) , and its activity patterns and social synchrony were studied in the wild and under controlled laboratory conditions Lee 1996, 1997) . However, other studies report crepuscular patterns and nocturnal activity of degus when they have access to running wheels Edgar 1998, 1999) .
Almost nothing is known about activity patterns of the coruro. Coruros are highly social rodents inhabiting coastal and mountainous regions of central Chile. They live in extensive underground burrows in groups of up to 26 (and probably even more) animals (Begall et al. 1999) . Entrances of burrows are not plugged, and animals appear occasionally with their heads above the surface, monitoring the environment (S. Begall, in litt.). Wild coruros are reported to be active only during daylight, with activity peaking near noon, based on 5 days of observation in the field (Reig 1970) . D. Reise and M. Gallardo (in litt.) found activity bouts at 1700 h, at 2100 h, and between 0600 and 0700 h in the laboratory, but they do not provide details of the experimental design. Conversely, Contreras (1986) found no systematic variations in oxygen consumption with time of day. Hence, the question whether the coruro exhibits daily rhythmicity or not needs further investigation. We provide basic information on the daily patterns of activity of coruros under laboratory conditions.
MATERIALS AND METHODS
Twelve adult coruros (5 males, 7 females), S. cyanus, born in captivity (in Germany), were used in this study. Mean body mass was 108.1 g (Ϯ 21.5 SD), with no significant difference between males and females. Animals lived in 5 small groups of mixed gender (4 pairs and 1 family of 4 animals). The group of 4 animals consisted of parents and their 2 female offspring. All pairs (but not the group of 4) were split after 23 days of recording activity registration, and thereafter they were studied individually for 32 days. Coruros were housed at an ambient temperature of 25 Ϯ 2ЊC in plastic or steel cages (60 by 80 by 60 cm) filled with a 5-cm layer of sawdust; a wooden nestbox was provided. Food (carrots, potatoes, apples, salad greens, and cereals) was offered ad lib each day at random times. Light was provided by fluorescent tubes controlled by a timer during the ''day,'' and by a 5-W, red, incandescent overhead light that was continuously on. During conditions of constant dim illumination, only the red light was on. Light intensity (measured with 40ϫ Opto-Meter , UDT, Santa Monica, California) was 220 lux in the light phase of the light-dark (LD) cycle, and Ͻ2 lux during the dark phase of the light-dark cycle or during continuous dim illumination (DD).
Locomotory activity was recorded by means of passive infrared sensors (Wonderex FX-35, Optex Co. Ltd., Niohama Otsu, Japan) that were positioned on top of each cage. Data were collected by and stored in a personal computer at 2-min intervals (Event Recording System, Department of Biology, University of Groningen, The Netherlands). Any movement sensed in the 2-min interval was summed, and the sum was scored as activity. Activity of 5 groups and of 8 isolated individuals was measured over periods of 23 and 32 consecutive days, respectively. Recordings of group and individual activities started under conditions of 12L:12D for a period of 10 days. After this initial period, a phase shift (6-h delay) was induced to check whether the 24-h activity pattern recorded was caused by entrainment or by masking. This lighting (still 12L:12D) lasted 13 and 10 days for group and individual measurements, respectively. At the end of individual measurements, activity was recorded under conditions of constant dim red light (Ͻ2 lux) for an additional 12 days to investigate whether observed rhythms were generated endogenously.
To record surface activity, the cage of the family of 4 coruros was filled with a 25-cmthick layer of horticultural peat, and food was offered on the surface at random times. Animals were individually marked with hair-dye (a blond patch) on the back. Video recording began after 3 days of habituation to the new conditions and was carried out for 72 h (12L:12D) using an infrared camera (Hitachi KP-16 1) and a timelapse (1 picture/3 s) video recorder (Panasonic AG 6040). During the dark part of the cycle, infrared light was used (VT Videor Technical). For analysis of surface activity, aboveground or underground status was determined for each animal every 5th recorded picture (i.e., 240 pictures/h). If an animal was active on the surface, behavior was analyzed in behavioral categories.
To perform statistical analysis, activities in darkness and light were compared using a paired t-test. Periodogram analysis was conducted by means of a laboratory-written program (Event Recording System, Department of Biology, University of Groningen, The Netherlands). Results are presented as mean Ϯ 1 SD.
RESULTS
In activity records of coruro groups in light-dark conditions, clear circadian organization was usually observed, albeit without obvious diurnal or nocturnal patterns. Activity increased during the light episode and decreased during the dark after reaching peak values around the onset of darkness. In all the groups, activity in darkness (68.3% Ϯ 6.09 of the total activity; n ϭ 5) exceeded activity in light (paired t-test, P Ͻ 0.01). A phase shift of the light-dark cycle was not followed by a phase shift of the activity pattern. In all 5 groups, significant circadian rhythms with a period length of 23.92 h Ϯ 0.14 were detected by periodogram analysis applied to the data of the last 8 days before the light-dark phase shift (days 3-10).
In individual records, activity was more dramatically nocturnal than in groups, as shown by 3 representative examples (Figs.  1a-c) , although the activity often extended into the morning light. One individual (Fig.  1d) was initially largely diurnal. After a phase shift of the light-dark cycle the activity pattern shifted via transients to the new phase position, again with primarily In a group of 4 coruros maintained in a terrarium and able to dig underground burrows, aboveground activity was virtually restricted to the 12 h of darkness (Fig. 2) . A bout of surface activity occurred systematically during the first few hours of darkness in all 4 animals. Only 1 individual, the male, tended to leave the burrow during daytime as well. The animals spent 89 Ϯ 4% (n ϭ 4) of the total time (72 h) underground. During 72% of the monitoring time, all the animals were underground simultaneously. During aboveground activity, digging (42 Ϯ 17%), locomotion (26 Ϯ 11%), resting (17 Ϯ 7%), and eating (13 Ϯ 7%) were the predominant activities. Contacting conspecifics (1 Ϯ 1%) and grooming (Ͻ1%) were of shorter duration.
DISCUSSION
Recording and analysis of locomotory activity shows that coruros exhibit endogenous rhythms, and that these can be entrained by circadian exogenous time cues. In spite of their subterranean lifestyle and in contrast to many other subterranean rodents, coruros have relatively well-developed functional eyes, and entrainment of the circadian rhythm with the light-dark cycle poses no specific problems. Contrary to observations from the field (Reig 1970 ), coruros in captivity seem to be predominantly nocturnal. The apparent inconsistency between laboratory and field data may depend on the short observation period underlying field data, or the difficulty in observing (black!) coruros during the night in the field. Also, activity underground has not been recorded. Radiotelemetry would be useful in determining whether coruros in the field are nocturnal or diurnal.
Most of the groups did not respond to the 6-h phase shift of the light-dark cycle. Possibly pacemaker rhythms are concealed through strong social interactions in the group. In contrast to the groups, all individuals were able to re-entrain. The 6-h delay shift in the light-dark cycle was followed by a gradual shift in the activity rhythm over the following week (Fig. 1) , as is usual for nocturnal mammals (Pittendrigh and Daan 1976) . These transitions were most clearly observed at the end of daily activity, which drifted backward at a rate of about 1 h/day. The onset of activity was clearly influenced by the presence of light, at least in some individuals (Figs. 1a and 1b) .
After the phase shift, almost all the individuals exhibited a stronger tendency toward nocturnal activity, which was probably because of subsequent habituation under conditions of social isolation. The clearer tendency to nocturnal activity in individuals may depend on the recording method. In the group, activity of a single individual can trigger recording and it is not possible to distinguish which animal has been active. Therefore, at night, simultaneous activity of 2 (or more) animals was scored as that of a single animal. Then, by day, occasional activity by each animal would appear as 2-fold activity. These would underestimate peak activity and overestimate low activity. Nevertheless, even after the actograms of the groups were filtered by setting a threshold for counting activity, there were no clearly observable responses to the 6-h phase shift.
A circadian period in darkness that was shorter than 24 h (average period length, DD , 23.74 h), characteristic of nocturnal species (Aschoff 1981) , was found in all individual coruros. This supports the conclusion that coruros are basically nocturnal, although less uniformly so (Fig. 1d) than typical nocturnal rodents such as mice and hamsters.
Analysis of the videotaped surface activity of a family of 4 coruros revealed differences between group and individual recordings mentioned previously. Whereas each animal shows clear nocturnal activity separately, valuation of the whole group (sum of all activities) is comparable with group recordings by means of passive infrared sensors. During videotape recording, food was offered only on the soil surface, in order to avoid disturbing the animals. In this way coruros were forced to forage aboveground. This may not reflect the situation in the field, where the animals (at least in certain regions and certain months) feed exclusively on storage organs of geophytes, which are found only underground (Begall and Gallardo 2000) . Thus the results of this study support the classification of coruros as subterranean rodents, which are mostly nocturnal in their activity using a light-entrained endogenous circadian programming of their behavioral pattern. RESUMEN Se estudiaron patrones de actividad, en condiciones de laboratorio, de 12 coruros, Spalacopus cyanus, roedores subterráneos originarios de Chile. Cuando tienen la posibilidad de escarbar, los coruros pasan el 90% de su tiempo bajo la tierra, en tanto que la actividad sobre la superficie ocurre durante la primeras horas de oscuridad. En caso de no poder escarbar, la actividad locomotora del coruro es mas alta cerca de los comienzos de la oscuridad, pero ademas ocurre durante los períodos de luz. Coruros enjaulados individualmente tienen un patrón claro de actividad nocturna. Los coruros exhiben ritmos circadianos endógenos basados en un ciclo de luz-oscuridad.
